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(54) Improved surgical fastener 



(57) A medical fastener having first undeployed 
shape for loading into an applier, and a second deployed 
shape for connecting tissue together. The fastener in- 
cludes a crown having two ends and first and second 
legs one attached to each end of the crown. The legs 
are separated from one another when the fastener is in 
the first shape. The legs comprise first, second and third 
layers of material joined together. The first layer of ma- 
terial is a superelastic alloy having a relaxed configura- 



tion substantially in the second shape of the fastener. 
The second layer of material comprising a linear elastic 
material having a relaxed configuration substantially in 
the first shape of the fastener. The second layer of ma- 
terial has sufficient rigidity to keep the first layer in the 
firstshapepriortothefastenerbeing deployed. Thethird 
layer of material is disposed between the first and sec- 
ond layers and is a material which substantially prevents 
diffusion between thefirst and second layers of material. 
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Description 

Field of the Invention 

[0001] The present invention has application in con- 
ventional endoscopic and open surgical instrumentation 
as well application in robotic assisted-surgery. The 
present invention has even further relation to surgical 
clips and staples. 

Background of the Invention 

[0002] In recent years surgery has markedly ad- 
vanced through the performance of laparoscopic and 
endoscopic surgical procedures such as cholecystecto- 
mies, gastrostomies, appendectomies, and hernia re- 
pair. These procedures are accomplished through a tro- 
car containing a sharpened obturator tip and a trocar 
hub or cannula. The trocar cannula is inserted into the 
skin to access the body cavity, by using the obturator tip 
to penetrate the skin. After penetration, the obturator is 
removed and the trocar cannula remains in the body. It 
is through this trocar cannula that surgical stapling and 
clipping instruments are placed. Once such trocar is En- 
dopath® trocar manufactured by Ethicon Endo-Surgery, 
Inc. Cincinnati, Ohio. 

[0003] The application of endoscopic surgical stapling 
and clipping instruments has been provided in such sur- 
gical procedures. One such endoscopic instrument, of- 
ten referred to as an Endocutter, is capable severing tis- 
sue and providing homeostasis along both sides of the 
cut. An example of an Endocutter can be found in U.S. 
Patent 5,673,840 issued on October 7, 1997, which is 
hereby incorporated herein by reference. 
[0004] In the case of such Endocutter, the tissue is 
compressed between a lower jaw and an anvil. The low- 
er jaw holds a cartridge that holds tiny drivers that house 
U-shaped staples. After the tissue is compressed, axial 
movement of the firing wedges forces the drivers and 
staples radially toward the anvil. This movement causes 
the staples to pierce the compressed tissue and strike 
curved pockets in the face and anvil. When the legs of 
the staples strike the anvil pockets, column buckling is 
initiated and they curl inward in a manner similar in con- 
cept to operation of a common office stapler. The anvil 
pocket geometry causes them to deform inward, form- 
ing a B-like shape as the legs of the staples are perma- 
nently deformed back on themselves. Often, two triple 
rows of staples are being simultaneously formed, with 
a knife following just behind the forming operation to 
separate the tissue between the two triple rows (lines) 
of staples. There are a number of problems associated 
with the forces required to deform the staples. The high 
forces require expensive materials and manufacturing 
techniques because the jaw and anvil structures need 
to be highly strong and rigid. In addition, the high forces 
require high firing wedge forces to deform the staples. 
The forces must be generated over the length of the sta- 



ple line. The resulting total energy input limits the length 
of staple lines that can be formed by a human using a 
single hand squeezing motion. Many physicians find it 
difficult to fire an Endocutter. 

5 [0005] Furthermore, it is difficult to use a single staple 
size that can provide homeostasis over a range of tissue 
thicknesses. With conventional metal staples, the staple 
legs tend to simply buckle part of the way back from the 
distal ends. This distal portion remains primarily straight. 

10 As a result, when the staples are deformed most exten- 
sively for very thin tissue, the straight portions of the sta- 
ple legs pass beyond the flat base of the staple and the 
sharp points end up protruding out of the tissue where 
they can catch and lacerate tissue. If the tissue is very 

15 thick and only the distal portions of the staple legs are 
formed, the staple legs won't curve back on themselves 
and form the hook-like geometry required to hold thetis- 
sue in place. 

[0006] One solution to above problems was to make 

20 a surgical fastener like that described in U.S. Patent 
6 ; 638,297, which is hereby incorporated herein by ref- 
erence. That reference describes a surgical staple hav- 
ing first undeployed shape for loading into a stapler, and 
a second deployed shaped for connecting tissue togeth- 

25 er. The staple has a crown and first and second legs, 
one attached to each end of the crown. The legs extend 
from the crown in a direction substantially perpendicular 
to the longitudinal axis of the crown when the staple is 
in its first shape. The legs comprise first and second lay- 

30 ers of material joined together. The first layer of material 
is a superelastic alloy having a relaxed configuration 
substantially in the staple's second shape. The second 
layer of material having a relaxed configuration substan- 
tially in the staple's first shape. The second layer of ma- 

35 terial has sufficient rigidity to keep the first layer in the 
first shape prior to the staple being deployed. 
[0007] In the above mentioned reference an embodi- 
ment was described wherein titanium was used for the 
second linear elastic layer, and NITINOL used as the 

40 first layer or the core. Because the two materials are 
very close to each other electrochemical ly, the resulting 
wire forms are very corrosion-resistant. The difficulty is 
that the nickel, in the NITINOL, and the titanium form a 
number of intermetallic compounds and alloys with mix- 

45 ing ratios higher and lower than 50:50 atomjc . Although 
there are a number of them, one in particular is the eu- 
tectic nickel-titanium alloy containing -24% nickel and 
76% titanium. This eutectic alloy is brittle and difficult to 
form. Those skilled in the arts will readily recognize that 

50 a certain amount of diffusion is bound to take place at 
the bonding interface between the NITINOL and titani- 
um, especially if the two materials are heated to improve 
the bonding process. A bonding interface created be- 
tween 50:50 atomjc nickel-titanium NITINOL and nearly 

55 1 00% titanium would be bound to create at least a very 
thin layer of the brittle 24:76 nickel-titanium eutectic ma- 
terial somewhere within the bond interface between the 
NITINOL and titanium. Other intermetallic compounds 
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and alloys with more than 50% atomjc titanium could be 
expected to be created within the bonding zone as well 

Summary of the Invention 

[0008] In accordance with the present invention there 
is provided a medical fastener having first undeployed 
shape for loading into an applier, and a second deployed 
shape for connecting tissue together. The fastener in- 
cludes a crown having two ends and first and second 
legs one attached to each end of the crown. The legs 
are separated from one another when the fastener is in 
the first shape. The legs comprise first, second and third 
layers of material joined together. The first layer of ma- 
terial is a superelastic alloy having a relaxed configura- 
tion substantially in the second shape of the fastener. 
The second layer of material comprising a linear elastic 
material having a relaxed configuration substantially in 
the first shape of the fastener. The second layer of ma- 
terial has sufficient rigidity to keep the first layer in the 
first shape prior to the fastener being deployed. The third 
layer of material is disposed between the first and sec- 
ond layers and is a material which substantially prevents 
diffusion between the first and second layers of material 

Brief Description of the Figures 

[0009] The novel features of the invention are set forth 
with particularity in the appended claims. The invention 
itself, however, both as to organization and methods of 
operation , together with further objects and advantages 
thereof, may best be understood by reference to the fol- 
lowing description, taken in conjunction with the accom- 
panying drawings in which: 

Figure 1 is a side view of a surgical stapler which 
can be used with the present invention. 

Figure 2 is a plan view of a surgical staple made in 
accordance with the present invention and showing 
the staple in its undeployed shape. 

Figure 3 is a cross-sectional view of the staple 
shown in Figure 2 taken along line 2-2. 

Figure 4 is a plan view of the surgical staple shown 
in figure 1 , but showing the staple in its deployed 
shape. 

Detailed Description of the Invention 

[0010] Referring now to the drawings wherein like nu- 
merals indicate the same elements throughout the 
views, there is shown in Figure 1 a surgical stapler, or 
Endocutter, 100 designed to be used with the present 
invention. Stapler 100 is of the kind described in the 
hereinbefore incorporated U.S. Patent 5,673,840. Sta- 
pler 100, which contains a handle portion 110, rotating 



means 120, a shaft portion 130, anvil portion 140, and 
cartridge assembly 150. A knife means (not shown) is 
slidable within the cartridge assembly 1 50 to cut tissue. 
In the handle portion 11 0 there is a first or closure trigger 
5 (also called a clamping trigger) 112, and second or firing 
trigger 114. The clamping trigger 112 causes the anvil 
portion 1 40 to come into proximity of the cartridge as- 
sembly 150. The firing trigger 114 causes staples to 
eject from the cartridge and form against the anvil por- 
tion 140. Trigger 114 also causes the knife means to 
move through the cartridge assembly 150, in order to 
cut tissue. 

[0011] As will be appreciated by those skilled in the 
art, the below described surgical staple has equal appli- 
cation for use in open linear cutters, such as those de- 
scribed in U.S. Patent 4,520 ; 817 issued to Green on 
June 4, 1985, which is hereby incorporated herein by 
reference. In addition, as used herein staple refers to 
any type of substantially rigid and deformable surgical 
fasteners. Consequently, as will be appreciated by 
those skilled in the art, the below described staple has 
equal application for use in a clip applier or ligation de- 
vice, such as the one described in U.S. Patent 
5.447,513 issued to Davison et al. on September 5, 
1 995, which is hereby incorporated herein by reference. 
[0012] Referring now to Figure 2, there is shown a sur- 
gical fastener, wh ich in this embodiment is shown as sta- 
ple 2 made in accordance with the present invention, 
and designed to be loaded in a cartridge of the type de- 
scribed above as item 150. As will be discussed below, 
staple 2 has a first undeployed shape, and a second de- 
ployed shape. Figure 2 depicts staple 2 in its first unde- 
ployed shape. Staple 2 has a crown 4 having first and 
second ends 6 and 8 and a longitudinal axis 9 extending 
therebetween. Staple 2 also includes first and second 
legs 1 0 and 20. Legs 1 0 and 20 have first ends 1 2 and 
22 which are attached to first and second ends 6 and 8 
of crown 4. Legs 10 and 20 also have second ends 14 
and 24 which extend from crown 4 in a direction gener- 
ally perpendicular to longitudinal axis 9. Second ends 
1 4 and 24 may include sharpened tips 1 6 and 1 8. 
[0013] The material construction of staple 2 can best 
be described by referring to figure 3. As seen from the 
drawing, at least the legs, if not the entire staple, is are 
formed from three coextensive layers of material 30, 40 
and 50 joined together. As will be discussed in greater 
detail below, the first layer of material, or core, 30 is 
made from a superelastic alloy having a relaxed config- 
uration substantially in the staple's second shape. The 
second layer of material 40, or shell, is made from a lin- 
ear elastic material having a relaxed configuration sub- 
stantially in the staples first shape first shape. The sec- 
ond layer of material 40 has sufficient rigidity to keep the 
first layer in the first shape prior to the staple being de- 
ployed. The third layer of material 50 is preferably made 
from a material which substantially prevents diffusion 
between the first and second layers. 
[0014] For purposes of this invention, the first and 
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second layers of material are interchangeable. For ex- 
ample the first inner layer 30, or core, could be made 
from the linear elastic material, while the second outer 
layer 40, or shell is constructed from a superelastic ma- 
terial. Moreover, it is not necessary that the layers have 
circular cross-sections, but could take on any desired 
shape. In addition, it is not necessary that the cross sec- 
tion of the staple have the core/shell configuration. The 
layers could be juxtaposed and coextensive with each 
other, or have any other desired configuration. 
[0015] The first layer 30 of material is preferably made 
from a superelastic or pseudoelastic alloy. One such 
type of material is commonly referred to as NITINOL. 
The nature of the superelastic transformations of shape 
memory alloys is discussed in "Engineering Aspects of 
Shape Memory Alloys", T W Duerig et al, on page 370, 
Butterworth-Heinemann (1990). Subject matter dis- 
closed in that document is incorporated in this specifi- 
cation by this reference to the document. A principal 
characteristic of shape memory alloys involves an initial 
increase in strain, approximately linearly with stress. 
This behavior is reversible, and corresponds to conven- 
tional elastic deformation. Subsequent increases in 
strain are accompanied by little or no increase in stress, 
over a limited range of strain to the end of the "loading 
plateau". The loading plateau stress is defined by the 
inflection point on the stress/strain graph. Subsequent 
increases in strain are accompanied by increases in 
stress. On unloading, there is a decline in stress with 
reducing strain to the start of the "unloading plateau" ev- 
idenced by the existence of an inflection point along 
which stress changes little with reducing strain. At the 
end of the unloading plateau, stress reduces with reduc- 
ing strain. The unloading plateau stress is also defined 
by the inflection point on the stress/strain graph. Any 
residual strain after unloading to zero stress is the per- 
manent set of the sample. Characteristics of this defor- 
mation, the loading plateau, the unloading plateau, the 
elastic modulus, the plateau length and the permanent 
set (defined with respect to a specific total deformation) 
are established, and are defined in, for example, "Engi- 
neering Aspects of Shape Memory Alloys", on page 376. 
[0016] Non-linear superelastic properties can be in- 
troduced in a shape memory alloy by a process which 
involves cold working the alloy for example by a process 
that involves pressing, swaging or drawing. The supere- 
lastic properties are employed by the staple in its 
change of configuration between its first or undeployed/ 
restrained shape, and its second or deployed/relaxed 
shape. An appropriate treatment can involve a combi- 
nation of cold working (for example by swaging, drawing 
or, in particular by mandrel expansion) and heat treat- 
ment at a temperature that is less than the rec ry stall isa- 
tion temperature of the alloy while the staple is con- 
strained in the configuration resulting from the cold 
work. A plurality of the cold work and heat treatment 
steps can be used. The staple can then be deformed 
towards undeployed shape, the deformation being re- 



coverable, substantially elastically. In this way, deforma- 
tions of up to 8% strain can be imparted and recovered 
substantially elastically. The alloy for the first layer 30 is 
preferably manufactured such that it exhibits superelas- 

5 tic properties at body temperature. 

[0017] Preferably NITINOL or Ni-Ti binary alloys for 
the first layer of material have a nickel content of at least 
about 50 atomic percent (hereinafter at. %), preferably 
at least about 50.5 at. %. The nickel content will usually 

10 be less than about 54 at. %, preferably less than about 
52 at. %. As will be appreciated by those skilled in the 
art, the first layer can be made from other Ni-Ti based 
alloys, including alloys with ternary and quaternary ad- 
ditions. Examples of elements that can be incorporated 

15 in the alloy include Fe, Co, Cr, Al, Cu and V. Added el- 
ements can be present in amounts up to about 1 0 at. %, 
preferably up to about 5 at. %. Preferably the austenite 
finish temperature (Af) is below body temperature, and 
more preferably is around 0°C. 

20 [0018] The second layer of material 40 is preferably 
made from a linear elastic material, such as iron, non- 
superelastic NITINOL, stainless steel or titanium. The 
second layer could also be made from a material which 
would impart radiopaque qualities to the staple so it 

25 could be seen better under x-ray. The yield strength of 
the second layer of material is set to be modestly higher 
than the recovery strength of the first layer of material. 
[0019] The third layer of material 50 is preferably 
made from a material which substantially prevents dif- 

30 fusion between the first and second layers. The third lay- 
er 50 could be of an element which did not create brittle 
alloys or intermetallic compounds when blended with ei- 
ther the first or second material. Layer 50 preferably 
readily forms strong bonds with both first and second 

35 layers and is preferably electrochemically compatible 
with the first and second layers in the deployed shape 
so as not to induce electrochemical corrosion when im- 
planted. In addition, third layer 50 is preferably biocom- 
patible, both by itself and when bonded to the first and 

40 second layers. 

[0020] When the first layer 30 is made from NITINOL 
and the second layer 40 is made from titanium, layer 50 
can be made from materials such as tantalum and nio- 
bium. In manufacturing the wire, the NITINOL extrusion 

45 or wire drawing perform is preferably cleaned, then coat- 
ed with a layer of 50. The barrier-coated NITINOL core 
would then be placed inside a close-fitting and very 
clean titanium cover piece. Well known procedures 
could be used to exclude oxygen and other embrittling 

50 gases and elements from the bonding surface and the 
materials would be bonded using a combination of ther- 
mal and mechanical means. 

[0021] The thickness of layer 50 can be based on a 
number of considerations. The minimum thickness in 
55 the finished composite wire diameter could be based on 
the thinnest layer of material that was capable of reliably 
isolating the NITINOL from the titanium during both ini- 
tial forming of the wire and subsequentthermal process- 
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ing while fabricating the wire into components like sta- 
ples or clips. The maximum barrier thickness could be 
based on the largest amount of the barrier element that 
could be present without measurably affecting the me- 
chanical properties of the final fastener. 
[0022] After a wire made of the three materials is 
formed, it can then be cut into a desired fastener size 
length segment. Thereafter the segment is cooled so 
that the NITINOL is substantially martensitic, and then 
the segment is deformed into its desired second/de- 
ployed shape, shown in Figure 4. The segment is then 
heat treated to shape set the NITINOL and partially 
stress relieve the Titanium. After the NITINOL in the wire 
has been shape-set, the staple can be straightened to 
the geometry depicted in figure 2 to form staple 2 which 
will then be loaded into and used in conventional surgi- 
cal staplers. 

[0023] The staple 2 combines shape-memory and lin- 
ear-elastic materials such that the staple has some of 
the properties of shape-memory materials and some of 
the properties of linear-elastic materials. When deploy- 
ing the staple, such as ejecting it from a cartridge onto 
an anvil, the sum of applied stresses and internally gen- 
erated shape-memory recovery stresses exceed the 
yield strength of the linear-elastic material such that the 
staple will deform. When the loads are applied in such 
a fashion that they aid the shape-set material recovery 
stresses and the external load required to cause defor- 
mation will be lower than if the forces were applied to 
the linear-elastic portion of the staple alone. 
[0024] As the staple is deployed, the staple would be- 
gin deforming and assuming the desired "B" shape at 
much lower loads than a conventional staple. This 
means that even at early stages of staple formation, the 
tips of the staple would take on a hook-like shape and 
eventually bend back upon themselves as shown in Fig- 
ure 4. In contrast, a conventional staple would initially 
buckle closer to the middle of the staple and a major 
distal portion of the staple leg might stay straight and 
not even bend. As a result, when the staples are de- 
formed most extensively for very thin tissue, the straight 
portions of the staple legs pass beyond the flat base of 
the staple and the sharp points end up protruding out of 
the tissue where they can catch and lacerate tissue. If 
the tissue is very thick and only the distal portions of the 
staple legs are formed, the staple legs won't curve back 
on themselves to form the hook-like geometry required 
to hold the tissue in place. The above mentioned staple 
and its associated geometry reduce these drawbacks. 
[0025] Radial forming forces would remain lower for 
the above described staple throughout the forming proc- 
ess providing the staples were originally formed and 
shape-set at a formed height slightly less than the sta- 
pler could stroke to form them, even in thin tissue. This 
fundamental reduction in staple forming forces would 
have a ripple effect throughout the instrument because 
the tendency to force the anvil and cartridge channel 
apart would be reduced. Smaller, lighter components 



could be used for a given combination of staples lines 
and staple line length. In addition, it would make it fea- 
sible to design cantilevered-jaw staplers (the most com- 
mon configuration) with longer staple line lengths than 
5 are currently feasible without making the components 
objectionably large and bulky. 

[0026] The properties of the above mentioned staple 
could cause a manufacturer to increase the number of 
staples, and consequently the staple line length, that 

10 could be formed by a human using a single hand 
squeezing motion. This means the single-stroke, one- 
handed firing mechanism popular and economical on 
smaller staplers could be used on staplers with longer 
staple lines. This would provide a distinct advantage 

15 over the cost and complexity of staplers requiring mul- 
tiple actuations to form all the staples or relying on pow- 
ered designs that deprive the surgeon of tactile feed- 
back during use. 

[0027] While preferred embodiments of the present 
20 invention have been shown and described herein, it will 
be obvious to those skilled in the art that such embodi- 
ments are provided by way of example only. Numerous 
variations, changes, and substitutions will now occurto 
those skilled in the art without departing from the inven- 
ts tion. For example, as would be apparent to those skilled 
in the art, the disclosures herein have equal application 
in robotic-assisted surgery. In addition, it should be un- 
derstood that every structure described above has a 
function and such structure can be referred to as a 
30 means for performing that function . Accordingly, it is in- 
tended that the invention be limited only by the spirit and 
scope of the appended claims. 



1. A medical fastener having first undeployed shape 
for loading into an applier, and a second deployed 
shape for connecting tissue together, said fastener 
40 comprising: 

a. a crown having two ends, first and second 
legs one attached to each end of said crown, 
wherein said legs are separated from one an- 

45 other when said fastener is in said first shape; 

and 

b. wherein said legs comprise first, second and 
third layers of material joined together, said first 

50 layer of material comprising a superelastic alloy 

having a relaxed configuration substantially in 
said second shape, said second layer of mate- 
rial comprising a linear elastic material having 
a relaxed configuration substantially in said first 
55 shape and having sufficient rigidity to keep said 

first layer in said first shape priorto said fasten- 
er being deployed, said third layer of material 
is disposed between said first and second lay- 
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ers and comprises a material which substan- 
tially prevents diffusion between said first and 
second layers of material. 



tially prevents diffusion between said first and 
second layers of material. 



2. The fastener of claim 1 wherein said second layer 5 
comprises a material selected from at least one of 
the following materials: iron, non-superelastic nick- 
el titanium alloy, stainless steel, titanium. 

3. Thefastener of claim 1 wherein saidthird layer com- 10 
prises a material selected from at least one of the 
following materials: tantalum and niobium 

4. The fastener of claim 1 wherein said first layer com- 
prises a nickel titanium alloy. 15 

5. The fastener of claim 4 wherein said first layer has 
an Af temperature below 37°C. 

6. The fastener of claim 4 wherein said first layer has 20 
an Af temperature below 0°C. 

7. The fastener of claim 4 wherein said second layer 
of material is disposed concentrically around said 
first layer. 25 

8. The fastener of claim 7 wherein said legs have a 
substantially circular cross-section. 

9. The fastener of claim 1 wherein said second shape 30 
is substantially a B-shape. 

10. The fastener of claim 1 wherein said fastener is a 
staple. 



11. A medical fastener having first undeployed shape 
for loading into an applier, and a second deployed 
shape for connecting tissue together, said fastener 
comprising: 



35 



40 



a. a crown having two ends, first and second 
legs one attached to each end of said crown, 
wherein said legs are separated from one an- 
other when said fastener is in said first shape; 
and 45 



b. wherein said legs comprise first, second and 
third layers of material joined together, said first 
layer of material comprising a superelastic nick- 
el-titanium alloy having a relaxed configuration 50 
substantially in said second shape, said second 
layer of material comprising titanium and hav- 
ing a relaxed configuration substantially in said 
first shape and having sufficient rigidity to keep 
said first layer in said first shape prior to said 55 
fastener being deployed, said third layer of ma- 
terial is disposed between said first and second 
layers and comprises a material which substan- 
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